Recent developments in the application of quantitative methods to taxonomy made possible by electronic computers which can handle even the most complex multivariate statistical techniques, have resulted in a new scientific discipline, "numerical taxonomy" or "taxometrics." Through numerical taxonomy, the microbiologist is now offered an approach toward the achievement of a stable, objective, and highly predictive classification. In general, the method is simple; taxa are constructed on the basis of overall similarity, the classification thus being termed "phenetic" (Cain and Harrison, 1960) .
Bacterial classification cannot rely on fossil specimens for determination of cladistic affinities, i.e., the measure of time span from the establishment of differentiation. The microbiologist must consider the problem of taxonomy independently from that of evolution. However, patristic affinities can be measured by other methods, among them the new techniques of molecular biology which permit the direct comparison of deoxyribonucleic acid (DNA) homologies (McCarthy and Bolton, 1963) .
In a previous study of some gram-negative bacteria , Adansonian analyses and DNA base composition determinations were investigated for significant correlations. It was found that those cultures having a high degree of similarity by the criterion of numerical taxonomy also had similar DNA base compositions. The relative affinities of clusters of cultures suggested taxonomic relations which could be verified on the basis of similar or identical DNA base composition. This approach, which proved successful in preliminary studies (Colwell, Mandel, and Gochnauer, 1964) , has been extended to a more complete study of the species Serratia marcescens.
MATERIALS AND METHODS
In all, 33 strains belonging to S. marcescens were used in the study. The strains are listed in Table 1 with their source and additional information concerning previous classification and taxonomy. The strains were maintained on a medium consisting of yeast extract, 3.0 g; Proteose Peptone (Difco), (Colwell and Liston, 1961; Colwell, J. Gen. Microbiol., in press ). In all, more than 200 characteristics were obtained for the S. marcescens strains.
The data were coded for handling by a computer, and similarity coefficients for the strains were calculated (Colwell and Liston, 1961; Sneath, 1962; Colwell, 1963) . The techniques of data analysis, in general, followed those of previous studies in numerical taxonomy; dendrograms from highest-linkage sorting are prepared by descending the scale of similarities until all individuals have been grouped (Sokal and Sneath, 1963) . Strain clusters are then recomputed for feature frequencies and for the hypothetical Median Organism (Liston, Wiebe, and Colwell, 1963) .
It is difficult to assess the homogeneity of a taxon from the dendrograms; hence, another plotting technique (Quadling and Colwell, 1963) was applied. An automatic plotting subroutine was prepared for the data analysis, which permitted optimization of the coordinates by the computer for presenting each set of data. These newer programs were used in the final steps of the analysis.
For the DNA studies, highly polymerized DNA in the native configuration was prepared by the method of Marmur (1961) from bacteria harvested at the end of the exponential phase. The temperature profile of the helix-to-coil transition was found by using the method of Marmur and Doty (1959) . The procedure and details concerning materials and methods used have been given previously .
RESULTS
The results of the initial computer sorting of the S. marcescens strains are given in Fig. 1 The hypothetical Median Organism was calculated from the data on each individual strain (Liston et al., 1963) . The S values for each strain as compared with the Median Organism are given in Table 2 .
Strains originally labeled as S. marinorubra (ZoBell and Upham, 1944) , S. kiliensis, S. indica, and S. plymuthica (Table 1) fell into the single species cluster for S. marcescens, indicating the overall group homogeneity and the single-species relationships (Fig. 2) . These results support the hypothesis of Ewing, Davis, and Johnson (1962) Table 5 .
The thermal denaturation temperatures of DNA of the S. marcescens strains are given in Table 6 . With the exception of strains 11, 12, 14, and 25, the base compositions ranged from about 56.2 to 58.4 moles % G + C, with a bimodal distribution; the averages were 58.5 and 57.6 % G + C (Fig. 3) .
When the two lots of data were plotted simultaneously (Fig. 4) , interesting correlations were noted. The peripherally clustering strains, 11, 12, 14, and 25, were separated on the bases of phenetic and base composition data. Strains 11, 12, 14, and 25 differ from the S. marcescens species cluster in the following biochemical and physiological features: growth temperature range between 3 to 5 C and 37 to 38 C (species range, 10 to 41 C); methyl red-positive; lysine decarboxylase -negative; melezitose -positive; chlortetracycline-and tetracycline-sensitive. Only strain 25 of the four strains listed did not produce prodigiosin. According to the classification scheme of Edwards and Ewing (1962) , these strains would, except for their pigmenta- VOL. 89, 1965 (Sokal and Sneath, 1963) . For several bacterial taxa, the discontinuous clusters of morphologically and physiologicallv related populations have been individuated. That is, the recognition of "peaks and valleys" in the phenetic continuum has been successful through computer analysis of the taxonomic data.
In a previous analysis of Pseudomonas aeruginosa strains (Liston et al., 1963) , the homogeneity of that species group was established, and the hypothetical Median Organism was calculated. A proposal for a neotype for the species was prepared on the basis of computer data (Colwell, J. Gen. Microbiol. and Intern. Bull. Bacteriol. Nomencl. Tanonom., in press). The analyses for P. aeruginosa demonstrated the identity of the "nomenspecies," the "naming species," a class of organisms possessing a common group of characters, both to the "taxospecies," a group of organisms related because they have a high coefficient of similarity, and to the "genospecies," genetically related organisms with inference of descent from a common ancestor (Ravin, 1963) . From other information obtained for P. aeruginosa, including interbacterial transfer and recombination via transduction data (Holloway and Fargie, 1960) , and the similarity of overall DNA base composition In view of the fact that two organisms, each polarly flagellated and each producing a red pigment resembling prodigiosin, have recently been isolated (Hagen, Kushner, and Gibbons, 1964; Lewis and Corpe, 1964) , the two specific epithets for the genus Serratia, S. corallina and S. salinaria (Bergey's Manual, 3rd edition), used in connection with the polarly flagellated bacteria require reexamination. S. salinaria is now listed as a synonym of Halobacterium salinarium (Bergey's Manual, 7th edition). Similarly, S. corallina is synonymous with Nocardia corallina. A preliminary Adansonian analysis of data for one of these strains showed little relationship between it and S. marcescens, i.e., <36% S (Colwell, Hagen, and Gibbons, unpublished data) . Furthermore, the DNA base composition analysis yielded a guanine-cytosine ratio of 37% (Hagen, Colwell, and Mandel, unpublished data) . More work must be done to elucidate the taxonomic position of these red-pigmented, polarly flagellated, sea water-requiring strains.
The group of S. marcescens strains, homogeneous by the criterion of high intraphenetic similarity values, have nearly identical DNA base compositions (Fig. 4) . However, strains 25, 11, 14, and 12 have guanine-cytosine ratios nearly 1% lower than those of the rest of the Serratia group. In a study of S. marcescens, Escobar and McClung (1963) found that strains 25 and 11 were classified into different serological groups. Phage studies, data from which were included in the present analysis, indicated that strains 25, 11, 14, and 12 were not sensitive to the Serratia bacteriophage S24V.
The simplest conclusion to be drawn from this evidence appears to be that strains 11, 12, 14, and 25 should be subjected to further study to uncover relationships with other members of the Enterobacteriaceae, in particular, the enterobacter species. Enterobacter species which produce prodigiosin may eventually be shown to exist. This should not prove disquieting to the bacterial taxonomist, for it serves as good reason for the establishment of a taxonomy based on overall similarity, i.e., on as many features as possible including morphological, physiological, biochemical, serological, and ecological characteristics. Correlation of all these data with the findings of the geneticist and the molecular biologist serves mutual benefit.
A very brief description offered for the species S. marcescens is as follows: stout (0.6 to 1.0 ,u by 0.6 to 1.8 ,u) straight rods with rounded ends, occurring as single cells or in pairs; gram-negative; forming opaque, medium-sized (2 to 5 mm) colonies with entire edge on nutrient agar; usually forming a red pigment (73% of the cultures tested demonstrated a red pigment), although nonpigmented strains of buff or offwhite colonies on nutrient agar may occur.
Biochemical, physiological, and nutritional features are summarized in Tables 3, 4 , and 5.
